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B Cross Section Measurements

Inclusive leptons INEE2NNEAN

— Use p_l_rel to Se|eCt b - ‘.‘
component

Lepton + D

— Naturally enhanced
b component

Inclusive J/y

— Use lifetime to measure
b fraction

Exclusive B

reconstruction

— B*>J/yK*, B> J/ye
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Tevatron B Cross Section Measurements
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B Cross Section “crisis”?
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Experiments are more or
less consistent with each
other.

} Factor of ~2.5 excess

Perturbative QCD unable to
describe heavy quarks?



B Cross Section Today
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Common Issues

B decay products <—) doy/dpT

 PDF’'s: MRSD, or MRSA’

* Acceptances calculated using exact NLO
calculation by Nason, Dawson & Ellis.

* Quark mass, m, & renormalization scale p,
Peterson fragmentation with €5, = 0.006
Hadronization fractions: fu, fg4, fs: Jbaryon
B decay models: QQ - EvtGen

Decay tables?

> Can’t factor these into uncorrelated parts.

November 20, 2010 Standard Model Benchmarks at 7
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Non-perturbative inputs

Fragmentation parameters were tuned to LEP

data and LL Monte Carlo > ¢p = 0.006

— More soft gluon emission
— More B** states

NNLO calculations/parton shower

Correlated with parton shower and decay table

} Smaller ¢, /harder p(B)

— co-linear gluon emission shouldn’t be counted twice.

matched fragmentation functions...

Consistent treatments: CTEQ6M + FONLL +

JHEP05(1998)007

JHEPQ7(2004)033
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Newer Measurements: H, 2 J/y X

Phys. Rev. D71, 032001 (2005).

. IL df ~ 40 pb'1 . COFRunl
° Dl_muon trlgger, N _ ::NLLt.thiorencil ?r‘ladiclion
— p(n) > 1.5 GeV/c S R
— No lower limit on p(J/y) %
« b fraction measured using = "
pseudo-proper decay time
— Positive for b decays i
- Efficiencies measured usinga e
4 GeV/c single-muon trigger. © e ©
o(pp— b, |yl <0.6) = 17.6+£0.4122 b o
_ _ +7.0 &
oFONLL(PP — b, |y[ < 0.6) = 16.81g57 ub &
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http://prd.aps.org/abstract/PRD/v71/i3/e032001

Exclusive Final States

Phys. Rev. D75, 012010 (2007).
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« Consistent with FONLL calculation (2.1£0.6 ub).

do/dp.(BT) (nb/GeV/e)
Pr

CDF.

Runll__

—

Q

— FONLL
-- NLO

A JyX (196 TeV) |
o JyK" (196 TeV) =
O JWK (1.8 TeV) -

Py (GeV/c)

O'B_|_(pT > 0 GeV/C, \y| <1)=24+0.4 ub

» Generally consistent with inclusive J/y result.

» Are there systematic differences?
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http://prd.aps.org/abstract/PRD/v75/i1/e012010

Newer Measurements: B 2> u+D

Phys. Rev. Lett. 71, 500 (1993). Phys. Rev. D79, 092003 (2009).
= CbF Run ) Wrong sign N% E CDF Run Il -, %,
0\390 i [L dt~10 pb SO_H}{{{#}} 51000j ;Ldt~u8n3 pb-" g =g,
9] f o C '
;13 30 }H{}f{#&*ﬂ% ;33- 800 —
3 60 0 1{8 1!8 2?0 2.lg g 600:_
~ o L
2 5 400 ek .
Fof - E
Right sign < 200 [
© e 1.8 2.0 2.2 T b B S s A
My, (GeV/c?) Kr mass (GeV/cz)
12 GeV electron trigger 4 GeV muon + displaced track trigger
€ measured using J/w sample collected using single 8 GeV muon trigger.
correction constraint
cC h@r‘k(‘i rorind dictriniitinn nf A_(N)
070 uncertainty on [ L£dt,.p candiates
irreducible B background B decay model: D**'s, B — DD, ...
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http://prl.aps.org/abstract/PRL/v71/i4/p500_1
http://prd.aps.org/abstract/PRD/v79/i9/e092003

do/dp,(B") (nb/GeV/c)

Cross Section Summary

1A
lo = I I I T T I | I N .
: ~ FONLL. CTEQ6M. ConS|ste?t_trea(;tme_nt of
- _ Kart 0=29.1 - € e. an pp.
IR _. T fragmentation function.
103 L\ B ) _
107k Xy O JWK' (1.96 TeV) 3
- e 1D’ (1.96 TeV) 1
107 & - Reduced dependence on
- : renormalization scale.
I N |
10 = AN =
- BN §
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Il /B and|y X1 g
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10 20 30
pr (GeVic)
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Run | Quarkonia Cross Sections

Phvs. Rev. Lett. 79,572 (1997] Phys. Rev. Lett Jr4 4358 (1995]
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» EXxcess observed in both prompt J/p and Y cross sections

——> Other production mechanisms, eg, color octet models
——> Polarization measurements
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http://prl.aps.org/abstract/PRL/v75/i1/e4358
http://prl.aps.org/abstract/PRL/v79/i1/e572
http://prl.aps.org/abstract/PRL/v75/i1/e4358
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Quarkonia Cross Sections

i, » Color octet production:

g/ Color singlet
NN F T Ixen = 0 Q@??@

| D) +
Py O(v) @@:3+...

o

(a) (b)

9“1 L e . L _ : Color octet
X { \{ « NRQCD: Expansion in
e RERE T both g and v
e * Ky factorization: initial
iyl ) iy luon virtuality > spin
A | gluon ity P
L R h ] density matrix.
e Others...
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Analysis of Quarkonia

D@ J/yp production:
— Phys. Lett. B370, 239 (1996)]  (Inclusive J/p)
— Phys. Rev. Lett. 82, 35 (1999)] (forward J/y)
« CDF J/y and y(2S) production:
— Phys. Rev. Lett. 79, 572 (1997)] (J/p and y(2S) cross section)
— Phys. Rev. D71, 032001 (2005)] (Inclusive J/y)
— Phys. Rev. D66, 092001 (2002)] (forward J/y)
— Phys. Rev. D80, 031103 (2009)] (w(2S) cross section)
— Phys. Rev. Lett. 99, 132001 (2007)] (J/w and w(2S) polarization)
« D@ Y(1S) cross section, polarization
— Phys. Rev. Lett. 94, 232001 g20052.| (Y(1S) cross section)
« Phys. Rev. Lett. 100, 049902 (2008)] (with updated integrated luminosity)
— Phys. Rev. Lett. 101, 182004 (2008)] (polarization)
« CDF Y(1S) production
Phys. Rev. Lett. 75,4358 (1995)] (Y(ns) cross section)
— Phys. Rev. Lett. 84, 2094 (2000)] (xpg(nP) — T(1S)7y)
— Phys. Rev. Lett. 88, 161802 (2002)] (Y(ns) cross section and polarization)
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http://prl.aps.org/abstract/PRL/v84/i1/e2094

Cross Sections

* Prompt fraction of J/y
do _ Jorompt N estimated from lifetime
dprdy  *THT T (Ldt)AprAy Ae  information.
» Efficiency determined
o -t B from J/y samples
0", w(D) obtained with single
N muon triggers
“S-channel helicity frame”

o+ * Acceptance includes
assumed polarization:

* +
g . v 2 N
j/(9* p(J/v) Teosgr ~ 1 T+ acos<d
S A

/ « Consider -1 <a <1 for

J/p — putp~
B / fv systematics

7
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do/dP; x BR (nb/(GeV/c))

Updated g(2S) Cross Section

Run [T Pr ompt

@
1 “‘o. A Run I Prompt * NO known feed-down
(0! "':r'. O RunII B decay x 0.1 from X ¢ states.
% - A Runl B decay x 0.1 ° Acceptance aSSU mes
107 =, almost no polarization,
10 2, - motivated by y(2S)
) %, . measurement:
107 o —— a=0.01+0.13
107F (b o * Prompt and B
(b) +
S AT L s components separated
0775710 15 20 25 30 using proper decay time.
p; (GeVie) . Consistent with Run |
results...
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Upsilon Cross Section

N, 300:— . .
> 250¢ « Systematic uncertainty
O C . .
.z from polarization
T o 150f iy
% 0o evaluated by fitting or
T soi varying distribution
;2 A A f e*
8 % 8 9 10 11 12 13 OT COS
L Dimuon mass (GeV/c?) do
~, 300F T(1S)
> 250: dy
O 200}
T ™ [ 684+24pb CDF
% 100§ . - 628 + 75 pb D@
= E
T 50f
T b Ao T o Shapes of do/dp+ also
3 % 8 9 10 11 12 13
Dimuon mass (GeV/cz) ag ree.
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Events / 0.005 GeV/c>

CDF Polarization Measurements

a0 (Uipslon Mass | CDF Il Preliminary, 2.9 fb”
140 CDF Run || E 14000 - E:?f:;
20| 800 P i {5000/
100 [ 10000

so - 8000 |-

s | 6000 |-

wf B 4000;_Nj

*F 11 f s

Y Srurarars arer s WA AU B s e crererer -

28 29 3 31 32 33 34 85" "90 95 100 105 11.0

M (GeV/Cz)
 Low backgrounds,

Mass (GeV/c")

* Higher backgrounds with

characterized by sidebands properties that evolve with M,
* Requires prompt/secondary * No secondary component
classification « Analyze Y(1S) polarization in 8 p;
« Divide sample into 6 p; bins bins
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J/p and g(2S) Polarization

2
g = (do(m) n (do(lf_) )2 ot — MLay

7o (1) 0o (1) DT
S ~ y? distribution * Positive for B decays
(_a] Before Impact Parameter Significance Cut Eb) After Impact Parameter Significance Cut
105; ! CDF Run Il 105;— 800 pb ]1 CDF Run Il
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-
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Events / 0.002
—
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[

Events / 0.002

1 . ﬂnﬂ.rm_dj L
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CDF Polarization Fit

x10°
140 CDF Run I
_ _ . - 800 pb”
« Background constrained using 2 120
sidebands. 100
i i S sof
« Simultaneous fit to extract ag;: s b
— Developed for optimal use of low E sl
statistics in Run |. wof i
(d) 9 < p(I1y) [GeVie] < 12 0 TT:II | I o
_ L 28 29 3 31 32 33 34
’_ - M (GeV/c)
= | =t (d) 9< pr{un) [GeVic] < 12
Ni(pr) o< (L = n)T; +nL;
a . _— ﬂ 500__
it = T4y

N SRR R R NS NN RN RS P R A
-1 08060402 0 02 04 06 08 1
cos B
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Not muc

CDF J/y Polarization

0.8

h polarization...

04

Maybe becomes slightly _~

longitudinal at high p. by
Inconsistent with Run | y:
result...

What about the Y(1S)?

November 20, 2010
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o Prompt J/y Polarization
prompt

=
s o3 ]
- f‘
- Run I [PRL 85, 2886 (2000)] : 110 pb”
— Run Il [PRL 99, 132001 (2007)] 800 pb-!
1 6 ; 10 12 14 16 18 20
pr (Jy) [GeVic]
1:| T T T I T T I T T T T T T T T |:
08 (b) E
0.6 e CDF Data =
0.4 NRQCD E
0.2 k-factorization —
R =
0.2F =
-0.4F + ~
-0.6F -
-0.8 -
| < AR I R R U =
5 10 15 20 25 30
pr (GeV/c)
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Events/0.05GeV/c?

D@ Y Polarization Measurement

2<pr<4GeVic 10<p;<15GeV/c 1 GeV/
- - < >
800 £DO, 1.3 b o DO, 1.3 b L Pr evie pr > 15 GeVic
- . data-driven fit | 200 | h data-driven fit
C L ==y a
600 |- yoindf=1.11 | 150 (ndf=0.93 | 02r== )
400 | 100 |
i - 01}
200 | 50
= N B 0 . [ o by OI\I- 0
8 10 12 14 8 10 12 14 0 02 04 06 08 1 0 02 04 06 08 1
Mass(u*u’) [GeV/c?] Mass(u*u) [GeV/c?] lcosO | lcosO |
1

" DO, 1.3fb"

NRQCD + +

TR

25 5 75 10 125 1
p; of Y(1S) [GeV/c]
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CDF Y (1S) Polarizati

on

:wl CDF Il Preliminary, 2.9 fb"

« Same fitting procedure

used in Run | and Iin 3

Uiy analysis. < S VN
- Significant difference g R

between transverse 3<pdY)<4 CDFI Preliminary,zjib' N N - Ma;g.(SGEWJE;IO

and longitudinal o pete0

templates in mostpr  ww .

binS. 1500.‘ ‘ L Transverse
* Generally consistent .

with n larization at ., e

I O polarization 4 " ' Longitudinal

OW Pr, -

|Cos(8)]|
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CDF Y (1S) Polarization

0.8 =

0.6
0.4
0.2
0.0
(.2
-0.4
-0.6
-0.8
=10

November 20, 2010

CDF Preliminary, 2.9 fb-1

ARSI ‘?*_ BRETERRS L

NRQCD

.

-
i

Braaten & Lee,
PRD 63, 071501R ( 2001)

Y(I_S) Inclusiue

A 1.{] | el | 20

30 a0
p; [GeV/c]
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CDF Y (1S) Polarization

| el CDF Preliminary, 2.9 fb"
0.8/ B SapLEAT
0.6
0.4 Consistent with
- Run | result
oot 1
TR te- ]
Sk : ? .
-0.2F
-0.4F
-0.6F |
-0.8|- |
_ =y . i i [ i i i i i ! ; i | i i . 1
1 'DD 10 20 30 4
p: [GeV/c]
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CDF Y (1S) Polarization

Xasel, CDF Preliminary, 2.9 fb"
- m CDFIl28f"
0.8 = Inconsistent ® DZero1.3fb”
0.6 _— with D@ result
0.4 -_ | — |y| <18
0.2} LT 1
0.0F %4 . | lyl 0.4
0.2} : | | /
oaker LT
-0.6 ' 1 J .
-0.8 _— |
. T 4y | A R I S U L
! 'DD 10 20 30 40
p [GeV/c]
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Maybe not even wrong...

* The current situation is rather murky... are we missing
something obvious? Pietro Faccioli emphasizes basic quantum mechanics...

« Back to the fundamentals:
— General state for a spin-1 particle:

1Y) =a1q|1,41) 4 ap|1,0) +a_1|1, 1)

— Angular distribution when decaying to uu:
gg X 1—|—/\9 cos? 0+, Sin 26 cos 2¢—|—)\9¢ Sin 260 cos ¢

\/_Re(aoa,_H ana—1)

2
Ap = 1 3lag|

A
1+|ao|2 O — 1+]ag|2
2Re a* 410-1
1—|—|0ﬂo|2
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Just transverse is not enough

Transverse: ag = O Longitudinal: a1 = O
sonerionteiotsn[gio. o1 /. {3 > a1 s> 00 a o),

SphericalPlot3D[ale, @1 /. {#} 1 ->1, a1 40, ag+1, ay -> 0}
771

)

P
3

-

[y

‘\‘=-

e
B,

LT

n
<)

But an arbitrary rotation will preserve the
transverse/longitudinal shape...

November 20, 2010
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November 20, 2010 Standard Model Benchmarks at

Need for full polarization analysis

(0,6|Rx (3) W12 10,81 Ra (5) )]

e, e1/. Aﬂlil_n. ay »—8in[n/ 2] /Sqrt[2], ag- Cos[a /2],

gle: ol /. {Af*_l L —>1, a3+ (L+Cos[n/21)/2,
R

ag » -Sinlx/21/8artl2], aq+ (1-Cosin/21) 12}, 0. 0] o~

0n.o
—~
0.1 l

The templates for dN/dQ are more corﬁblicated than
simply 1 + cos?0.

Need to measure Ag, A, and Ao, simultaneously.

Invariant under rotations:

the Tevatron and the LHC
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Fundamental Benchmarks

* B Cross sections:
— Good agreement with current FONLL calculations

— Demonstrate a non-trivial understanding of the non-perturbative
ingredients
— Remarkable achievement!

* Quarkonia cross sections:
— Consistent total cross section measurements
— Inconsistent polarization measurements
— Several models compatible with measured cross section
— Polarization predictions are now an essential test

— Working on re-analysis using full angular distributions
« Won’t change cross sections by factors of 20...
« Could influence the interpretation of polarization measurements
* Awaiting valuable cross checks from the LHC experiments.

November 20, 2010 Standard Model Benchmarks at
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Early Cross Section Measurements

Phys. Lett. B370, 239 (1996)

D& measurement TR Y e
using 6.6 pb-. N

No magnetic field in
central tracker.

f, ~ 35% from muon

75+

50

Entries / 0.250 GeV/c-

impact parameters. B

External inputs: S R R

— MRSD, + MNR p+ spectra ) M, (GeV/c)

— Peterson fragmentation > o(pp— b -|— X)=225+0.60+1.01pub

— Assume B > Jg K, Jlg K" pp'" =9.9 GeV/e, |y < 1
November 20, 2010 Standard Model Benchmarks at 33
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http://www-d0.fnal.gov/www_buffer/pub/Run1_publications.html

o/dE™ (n b/QeV)

d

|
-

|
N

An Early Clue...

T flflfw

T IIIHII

Iw

pp%bx Vs=1.8 TeV, m™41<1.0 ]

QCD, MRSA
. Theoretical Uncertomty IR
1111 I 11 \ 111 | 1111 I 1111 ‘ 1111 111 | T I

e D@ Data
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Exhibits typical “excess” over NLO QCD.
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Efficiencies

« CDF treatment:

Track finding efficiency obtained by embedding hits from a
simulated track in events from collision data and seeing if the
track is reconstructed: €, (pr>1.5 GeV/c) ~ 0.9961

Other efficiencies calculated using "'tag and probe” method:
given that a muon track is reconstructed calculate the probability
that it satisfies additional criteria:

* €1(P1): €L2(PT)) €135 Emuons €2
pr independent efficiency:

_ 2 2 2
€rec = €13%rack®muon®z0€Azg

pr dependent efficiencies:

1/w; = ep1(p1)epi(na)e,2(na)e, 2(n2) - Alpr, y)

Note: there was no L2 muon trigger for this data taking period.
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Polarization Templates

S-channel helicity frame:

d 2
% u Transverse; dcog 7 ~ 1+ Cos 0*
JY = ===
/ Longitudinal; dc%%erk’“ 1 — cos? 9*
(J/(|atefEirane) M-

* |nclude detector acceptance and event selection:

(a) 52 p(Jiy) [GeVic] <6 (0) 17 < pp(J/y) [GeVie] <30
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